Methylphenidate (MPD), known as Ritalin, is a common drug prescribed for those diagnosed with Attention Deficit Hyperactivity Disorder (ADHD).There are reports that many MPD users consume alcohol, resulting in toxic effects and hospitalization. The goal of this study was to investigate the effects of ethanol in rats concomitant with acute and repetitive MPD exposure. Rats were divided into four groups, control (saline), 0.6 mg/kg MPD, 2.5 mg/kg MPD, and 10.0 mg/kg MPD groups and lasted for 12 consecutive days. Ethanol was given after repeated MPD administration as follows. On experimental day 1 (ED 1), all animals were treated with saline to establish baseline, on ED 2 through ED 7 either saline or MPD (0.6, 2.5, or 10.0 mg/kg) was given. On ED 11, after three days without treatment (ED 8 -10), rats were treated as they were on ED 2 -7. At ED 12, 1 g/kg ethanol was administered, and one hour of locomotor activity was recorded after alcohol administration, using the open field assay. The data show a dose response characteristic of increased locomotor activity with increasing doses of MPD. Ethanol administration alone depresses locomotor activity. The depressive effect of alcohol was significantly attenuated in animals treated with MPD, in a dose dependent manner. The higher dose of MPD previously administered resulted in a larger attenuation of the ethanol's suppressive effect. These trends demonstrate that chronic MPD exposure directly influences the effects of alcohol in rats. Under these circumstances, it is reasonable to assume that a subject will need to consume an increased amount of ethanol in order to attain the ethanol effect desired. This discrepancy between effects and exposure may be a liability for ethanol toxicity.
Introduction
Methylphenidate (MPD, or Ritalin) is a prescription medication used for the treatment of Attention Deficit Hyperactivity Disorder (ADHD). This drug is a stimulant and shares similar neurophysiological mechanisms with cocaine and amphetamine [1] - [6] . A review that includes over 110,000 subjects reported that 5% to 35% of 18 -22-year-old individuals misuse non-prescribed stimulant medication [7] . A recent survey reports that 92% of adult ADHD patients use ethanol while under the influence of prescribed MPD. This survey also includes that all individuals who illegally use MPD through diversion co-abuse ethanol as well [8] . Many MPD users use alcohol, in fact, particularly in college settings [9] . It is postulated that alcohol consumption following MPD use could have a liability outcome. A study of 10,900 college students reports that non-medical use of stimulants increases the chance of alcohol use, possibly leading to high-risk behavior [9] . Public awareness of college binge drinking has increased over the past decade, as alcohol use has been associated with the leading causes of death in young adults [10] . Alcohol dependence predisposes individuals to becoming non-medically stimulant dependant [11] . A prior study in humans concluded that subjects who take MPD while under the influence of alcohol claim to experience increased euphoria and dynamism accompanied by feelings of decreased intoxication by alcohol [12] [13] . This may also play a role in the amount of alcohol consumed by the subject. These patterns warrant the further investigation of the interactions between alcohol and chronic MPD users. The open field assay was used in this study with an animal model to access the changes in animal behavioral activity before and upon ethanol administration subsequent to the chronic MPD dose response protocol [14] - [20] . Ascertaining whether there is a liability interaction between these two commonly used psychoactive drugs will help both health care providers and the public.
Materials and Methods

Subjects
Thirty-four Sprague-Dawley (SD) male rats (Harlan, Indianapolis, IN) were purchased 60 days after birth and housed 3 per cage for acclimation in a sound-attenuated experiment room for 3 -4 days. Rats weighed approximately 185 grams at the initiation of the experiment. No physical contact occurred between rats receiving different dosages of MPD to avoid possible behavioral transfer. Rats were maintained on a 12/12 hour light/dark cycle (lights off at 18:00, on at 6:00 hrs). The habitat temperature was kept at 21˚C ± 1˚C, with a relative humidity of 61% ± 2%. Food and water were administered ad libitum.
Apparatus
The open field assay consists of a clear acrylic cage (40.5 cm × 40.5 cm × 31.5 cm) with two levels of 16 infrared beams and their sensors, each mounted at 6 cm and 12.5 cm above the bottom of each cage (AccuScan Instruments Inc., Columbus, OH). The experimental cages are connected to an AccuScan analyzer, which is connected to a personal computer (PC) for data analysis. The infrared beam interruptions by the animal movement are counted by the AccuScan analyzer, summed into ten-minute bins, and downloaded to the PC. OASIS program is used to process the signals into movement pattern indices. The three locomotor indices that were analyzed are as follows: horizontal activity, total distance, and number of stereotypic movements. Horizontal activity (HA) is a record of the total number of beam interruptions that occur at the horizontal sensors. It represents the rat's overall locomotor activity recorded in a given period of time. Total distance (TD) is the measurement of the rat's forward ambulation movement in centimeters. Number of stereotypic movements (NOS) is the measurement of the animal's purposeless repetitive movement, with at least a one second interval between beam breaking, which is used to assess the stereotypic behavior triggered by the treatment.
Drugs
Methylphenidate (Mallinckrodt Inc., St. Louis, MO, USA) was dissolved in 0.9% isotonic saline solution to create the three proposed dosages of (0.6, 2.5, and 10.0 mg/ml). The dosages 0.6, 2.5, and 10.0 mg/kg MPD (i.p.), are calculated as freebase. Dosages were selected from prior MPD dose response studies [6] [14]- [19] [21] . These studies assessed the dose responses of eight different concentrations of MPD, in which three were selected. These concentrations refer to a low, moderate, and high dose of MPD, respectively [19] . All injections were administered intraperitoneally (i.p.) in a volume of 0.8 ml. Ethanol was administered at the dosage of 1 g/kg [22] and was diluted to 0.8 ml with 0.9% isotonic saline solution to ensure that the total volume of each injection would not vary from animal to animal. All injections were given between 11:00 and 14:00 hours.
Experimental Protocol
The thirty-four SD male rats were randomly assigned to following groups: control (saline), 0.6 mg/kg, 2.5 mg/kg, and 10 mg/kg MPD. The study duration consisted of twelve consecutive experimental days (EDs) ( Table  1) . Recording sessions took place for 60 minutes. Rats were acclimated to experimental cages for 20 -30 minutes prior to each recording day. ED 1 is a baseline recording. From ED 2 to ED 7, each group (saline, 0.6, 2.5, and 10.0 mg/kg MPD) was treated with their respective treatments (Table 1), followed by three washout (WO) days (ED 8, 9, and 10), during which no injection was given. On ED 11, rats received the same treatment that was administered during ED2 to ED 7. On ED 12, all animals were treated with 1 g/kg ethanol ( Table 1 ). All recordings were initiated immediately after injections.
Data Analysis
The locomotor activity counts were summed into six 10-minute bins. These recordings were used for two types of data evaluation. A sequential temporal graph shows the latency, duration, and peak effect of the treatment. The sixty-minute sum of the activity under the respective temporal data was applied to a histogram. Several comparisons were made. The animal's movement on experimental day 2 (ED 2) with the first MPD administration was compared to the animal's baseline movement on ED 1 to obtain the acute effect of MPD. The locomotor activity on ED 2 (after the first MPD administration) was compared to the locomotor activity on ED 7 (after the sixth MPD administration) to find out whether MPD treatment induced sensitization. The comparison of activity on ED 11 post MPD exposure with the activity on ED 2 post initial MPD exposure was to determine the effect of MPD at the expression phase and find out whether behavioral sensitization was established [20] [23] . Since chronic MPD exposure can elicit behavioral sensitization [16] [18] [20] [24] [25] . The locomotor differences between ED 1 (baseline) and ED 12 (after ethanol administration) were used for ethanol control ( Table 1) . This was done to observe the effect of ethanol alone, as well as to compare with the other groups to obtain the effect of ethanol in animals treated chronically with MPD [20] . One-way analysis of variance (ANOVA) and posthoc Fischer's L.S.D. method (p < 0.05) was used to obtain significant differences compared to control. Figure 1 summarizes the horizontal activity (HA) of the saline (control) group and exhibit similar total activity among these eleven days with minor non-significant fluctuation. Previous studies [15] - [20] [25]- [27] using identical protocol reported minor, insignificant fluctuations in the behavioral and electrophysiological study of rats injected with saline vs. rats that received no injection. The above studies have shown that time (42 days) and repetitive saline injections (42 days) exhibit similar activity with minor and insignificant fluctuations [15] [16] [19] . This permits the use of saline injection at ED 1 as a control for the drug effect (injections (0.8 ml) and handling of the animals. 
Results
Control
Dose Response Characteristics Following Acute MPD Administration (Comparing ED 2 vs. ED 1)
The dose response characteristics of acute MPD administration in all three locomotor indices are summarized in 
Dose Response Characteristics of MPD at the Induction Phase (Comparing ED 7 vs. ED 2)
The dose response characteristics of chronic MPD administration are shown in Figure 2 . The 0.6 mg/kg MPD group showed significant ( ‡ p < 0.05, f = 2.42) increases in ED 7 post MPD exposure compared to ED 2 post MPD exposure only in the NOS activity. Subjects receiving 2.5 mg/kg MPD showed significant ( ‡ p < 0.05) increases in activity on ED 7, as compared to ED 2, across all locomotor indices (HA; f = 18.92, TD; f = 15.29, NOS; f = 21.68). The 10.0 mg/kg MPD dosage group showed increased activity in all groups but only the HA locomotor index exhibited significant ( ‡ p < 0.05, f = 35.89) increases in activity on ED 7, compared to ED 2 ( Figure 2) . These further increases in HA in ED 7 compared to ED 2 indicate that behavioral sensitization to MPD was induced. The majority of the increases of activity took place 20 -40 minutes post injection.
Dose Response Characteristics of MPD at the Expression Phase (Comparing ED 11 vs. ED 2)
The dose response characteristics of chronic MPD administration are shown in Figure 2 . The expression phase is the comparison of the MPD re-challenge at ED 11, which follows six daily MPD treatments and three washout days, to the activity obtained following the first MPD administration (ED 2), i.e., ED 11 vs. ED 2. 0.6 mg/kg MPD administration at ED 11 compared to ED 2 fails to alter locomotion while the 2.5 mg/kg elicits increases of activity in all three locomotor indices. Only the NOS index exhibits further significant (p < 0.05; f = 2.42) increases in their activity following the administration of MPD. The 10.0 mg/kg MPD groups also exhibit increases in the HA and TD indices, but only the HA shows significant ( * p < 0.05, f = 35.89) increases in activity. However the NOS activity on ED 11 is lower than that of ED 2 (the initial MPD administration). Figure 2. Summarizes the differences in locomotor activity for horizontal activity (HA), total distance (TD), and number of stereotypic (NOS) movements between experimental day 1 (ED 1) (baseline, saline administration), ED 2 (first methylphenidate (MPD) administration), ED 7 (6th MPD administration), and ED 11 (MPD re-challenge). Ctrl-activity following saline injection of the saline control group; At ED 1 all groups were treated with saline; 0.6, 2.5, and 10.0 indicates the dose of MPD in mg/kg. Symbols indicate significant differences (p < 0.05) as follows: α = ED 2 vs. ED 1; ‡ = ED 7 vs. ED 2; * = ED 11 vs. 2.
Response Characteristics of Ethanol Alone and After Chronic Methylphenidate Administration
Changes in locomotor activity following ethanol administration in MPD naïve animals and in animals previously exposed to methylphenidate ( Table 1 ) are summarized in Figure 3 and Table 2 . Ethanol administration (1 g/kg, ED 12 [CNTRL]) elicited significant (p < 0.05, f = 16.64 (HA), f = 12.44 (TD), f = 11.85 (NOS)) suppression of the locomotor activity compared to activity following saline (control). When the same dose of ethanol was given to the MPD treated rats at ED 12 and compared to the ethanol control group, the suppressive effect of alcohol was attenuated in a dose response characteristic across all the locomotor indices for the 0.6 mg/kg MPD, 2.5 mg/kg MPD, and 10.0 mg/kg MPD groups (Figure 3) . The ten-minute sequential temporal graphs (Figure 3) show that ethanol exerts optimal effects at twenty minutes post-administration. The data show that when ethanol is administered in addition to a higher dose of chronically administered MPD (10 mg/kg), the suppressive effect of alcohol is significantly more attenuated (p < 0.05, f = 0.0014 (HA), f = 0.0066 (TD), f = 0.0152 (NOS)) in comparison to the other doses (0.6 and 2.5 mg/kg). Thus, the suppressive effect of the alcohol on locomotor activity was decreased with increasing doses of methylphenidate ( Table 2 and Figure 3) . Table  2 (A) shows the degree of the change in percent decrease of locomotor activity between ED1 (baseline) and recordings on ED 12 following ethanol administration for the four animal groups (control, 0.6, 2.5, and 10.0 mg/kg MPD). There are decreases in the percent suppression by alcohol. This suppression effect was dose related, i.e., with increasing doses of MPD, the suppression effect of alcohol decreases. [34] , which are well known drugs of abuse. It has been shown that methylphenidate (MPD) is abused by its users [35] . The use of MPD by those with ADHD, its illicit use to enhance academic performance, and its more recent recreational misuse necessitate the investigation of MPD's interactions with other common recreational drugs. There are controversial reports as to whether MPD treatment has the potential to elicit drug dependence to other psychostimulants [35] [36] . Those affected by ADHD who are treated with psychostimulants have a greater potential to become drug abusers [25] . The objective of this study was to investigate the behavioral response to a single alcohol administration in animals treated chronically with different doses of MPD. The acute dose response for the 2.5 and 10.0 mg/kg MPD groups (moderate and high MPD doses [8] ) shows increases in locomotor activity in comparison to their baseline recordings (Figure 2) . This is expected: prior MPD dose response experiments have shown similar results [16] - [21] [25] [37] , indicating that chronic MPD administration elicits persistent changes in the CNS [38] [39].
The present study shows that ethanol administration to the control group resulted in decreases in locomotor activity compared to baseline locomotor activity by 69%, 81% and 51% of the HA, TD, and NOS indices respectively (Table 2(A) ). Ethanol given to MPD treated animals modulates ethanol's suppressive effects. MPD treated animals that were administered ethanol exhibit less locomotor suppression, compared to the MPD naïve animals that were administered ethanol. With increasing doses of MPD (previously administered), the suppressive effect of alcohol on locomotor activity is decreased. There is a large decrease in the suppressive effects of ethanol between groups receiving 2.5 and 10 mg/kg ethanol ( Table 2) . Subjects receiving 10.0 mg/kg MPD experienced a major decrease in the suppressive effect of ethanol. The values on Table 2 suggest that MPD users who take high doses of MPD are much more susceptible to the attenuation of the suppressive effects of alcohol compared to users that take low or moderate doses of MPD. This also suggests that MPD users that take high doses of MPD and have the desire to enjoy the alcohol's effect may need to drink more alcohol to obtain the desired effects. A reasonable example includes the college student who uses methylphenidate to study for an exam as a cognitive enhancing agent and then following the exam, will celebrate this event partying with alcohol consumption.
Many MPD users use alcohol, particularly in college settings [9] . A study of 10,900 college students reported that non-medical use of stimulants increases alcohol use, possibly leading to high-risk behavior [9] . Additionally, alcohol has been shown to be associated with the leading causes of death in young adults [10] , and alcohol dependence predisposes individuals to becoming dependent on non-medical stimulants [11] . Subjects who have co-administered MPD and ethanol have reported decreased feelings of the alcohol's effects as compared to when ethanol is consumed individually [40] , resulting in increased ethanol consumption compared to when ethanol is taken alone [32] . Additionally, adolescent spontaneously hyperactive rats (SHR) the animal model for ADHD, when chronically treated with MPD have shown increased alcohol drinking upon the adult stage [41] . Others report that this increased alcohol consumption does not occur [42] . Methylphenidate is a dopamine transporter blocker (also a less potent norepinephrine transporter blocker) and thus increases the amount of dopamine within the synaptic cleft [20] [43] . This prolongs the rewarding effects of dopamine. Dopamine levels were found to be 50% -70% lower in the ventral striatum and putamen of alcoholics as compared to control non-alcoholics [44] . This suggests that alcoholics who use MPD may need to consume more alcohol to experience the same desired effect as non-MPD users. A previous study in humans concluded that subjects who took MPD while under the influence of alcohol claimed to experience increased euphoria and dynamism, accompanied by feelings of decreased intoxication by alcohol [4] . This may also play a role in the amount of alcohol consumed by the subject.
There are numerous scenarios in which complications may occur following the co-administration of these two drugs. Concomitant ethanol administration has been shown to potentiate the stimulatory effects of methylphenidate on locomotor activity in mice [40] . It has been shown that co-administration of ethanol and MPD increases plasma MPD concentrations in comparison to when MPD is administered alone [13] [32] [38] . The formation of the metabolite ethylphenidate has been shown to occur in response to the co-administration of ethanol and MPD [45] . The metabolite ethylphenidate given alone elicits increased locomotor activity in a dose response characteristic, albeit less intensely than methylphenidate [46] . Upon MPD/ethanol co-administration in mice, wholebrain concentrations of ethylphenidate were found to be higher in comparison to when methylphenidate was given alone. In comparison to MPD, ethylphenidate blocks the norepinephrine transporter less potently [46] . These findings could indicate that there is an imbalance of the interactions which occur between the noradrenergic and the dopaminergic systems within the brain [46] . Methylphenidate administration alone increases locomotor activity. Ethanol administration alone decreases locomotor activity. The effects of these drugs are diminished when administered concomitantly. This may take place as a result of direct drug-drug interaction and ethylphenidate's alteration of the noradrenergic and dopaminergic system balance. Examination of the interactions between alcohol and MPD showed that acute alcohol exposure inhibited the activation of NMDA receptors by diminishing the excitatory action of glutamate [47] . Studies in rats have shown that glutaminergic afferents from the prefrontal cortex (PFC) modulate the dopaminergic activity in the ventral tegmental area (VTA) and the nucleus accumbens (NAc) [48] - [52] . The VTA and NAc are regions involved in the phenomenon of behavioral sensitization of psychostimulants [53] . Additionally, the PFC glutaminergic afferents activate NMDA re-ceptors in VTA dopaminergic neurons, which are partially responsible for the induction of behavioral sensitization [54] . These PFC glutaminergic afferents are necessary for the expression of the acute and chronic effects of MPD [55] . Hence, the inhibition of glutamate's excitatory action by alcohol may possibly influence the augmentation of dopamine levels in the VTA and NAc by MPD. Zhang et al. [27] reported that MPDs enhance the NMDA mediatedσ 1 receptor activation in the PFC. Antagonism of σ 1 receptors decreased ethanol-seeking behavior in the animal model. σ 1 receptors are located in the PFC, VTA, and NAc, CNS sites where psychostimulants exert their effects [56] . Another prospective interaction between MPD and ethanol may include kainite receptors. Chronic MPD administration has been shown to upregulate kainite-2 receptors in the ventral striatum [57] . It has been shown that pre-synaptic kainite receptors increase GABA ergic neurotransmission in rat periaqueductal gray neurons [5] . Ethanol's mechanism of action includes the augmentation of GABA levels [58] . These findings imply that chronic MPD administration can intensify the effects of GABA upon ethanol administration. In addition, it has been show that NMDA and kainate receptors exist not only within the synapse, but at extrasynaptic locations. This may allow for further interactions beyond the neuronal synapse, broadening the interactions between MPD and ethanol [59] .
Conclusion
Both students diagnosed with ADHD and treated daily with MPD and students who utilize MPD for cognitive enhancement to improve their academic performance consume MPD prior to periods of exams. After the exam, many of them celebrate the occasion with alcohol consumption, some of whom must then be taken to the emergency room for toxicity. This experiment can explain at least in part why this occurs. The use of MPD attenuates the effects of the alcohol. To obtain the desired pleasure from alcohol, students must increase the dose of alcohol consumption. Once they increase the dose of alcohol, they find themselves in the emergency room. Ascertaining the extent of the interactions between MPD and alcohol will both promote awareness and aid healthcare providers in treating the aforementioned students.
